Background: Several studies have explored the associations between interleukin-6 (IL-6) gene polymorphisms and the susceptibility to liver diseases, however, results remain ambiguous. The goal of this study was to conduct a meta-analysis to provide more credible evidence.
Introduction
The liver is one of the key organs of the body, which performs many pivotal functions essential for human life, including carbohydrate, protein and fat metabolism, [1] immune response against pathogens [2] as well as detoxification of xenobiotic. [3] The consequence of hepatic impairments, including viral hepatitis, alcoholic or nonalcoholic steatohepatitis (NASH), drug-induced liver injury, autoimmune hepatitis, fatty liver, liver cirrhosis (LC) and liver cancer, may be serious and even lethal. [4] Thus, it is vital to understand the etiology of liver diseases for developing efficiently predictive, preventive and therapeutic strategies.
Despite the pathogenesis remains unclear, increasing evidence has suggested liver diseases are of an inflammatory nature. [5] Interleukin-6 (IL-6) is an important inflammatory cytokine and may play a central role for the development and progression of liver diseases. Serum IL-6 concentration was detected to be significantly higher in alcoholic or non-alcoholic cirrhosis and toxic hepatitis when compared to controls. [6] Higher level of IL-6 was observed to be produced in CD4(+) T cells from acute-on-chronic hepatitis B virus (HBV) liver failure patients. [7] Higher level of IL-6 was significantly associated with advanced liver fibrosis in human immunodeficiency virus-type 1 (HIV)-infected patients [adjusted odds ratio (OR) = 11.78, 95% confidence interval (CI): 1.17-118. 19 , P = .036]. [8] High plasma IL-6 was also suggested as a biomarker for poor prognosis of patients with hepatocellular carcinoma (HCC). [9] IL-6 promoted HCC cell proliferation and migration by activating signal transducer and activator of transcription 3 (STAT3) signaling pathway. [10] These findings imply any factor that influences the expression of IL-6 may be an underlying contributor for the development of liver diseases.
Recently, some scholars have found genetic mutations in the IL-6 gene could alter its expression, with genotype CC carriers of rs1800796 showing higher level of IL-6 mRNA compared with genotype CG/GG carriers. [11, 12] Therefore, this IL-6 single nucleotide polymorphism (SNP) may be a possible risk factor to contribute to the susceptibility to liver diseases. This hypothesis has been validated as follows: genotyping of IL-6 rs1800796 SNP showed a significant increase in GC genotypes, but reduction in GG genotype in HBV infection group compared with controls. A direct positive correlation was also detected between HBV and the presence of GC genotype and C allele. [13] Riazalhosseini et al also observed the frequency of allele G of rs1800796 was higher among healthy controls than that among chronic HBV patients (0.303 vs 0.258) and GC+CC genotype was associated with a protection mechanism against HBV infection (OR = 0.40, 95% CI: 0.34-0.48). [14] However, inconsistent conclusions were also reported, with no significant associations of rs1800796 polymorphism with HBV infection, [15] hepatitis C virus (HCV) infection, [16] LC and HCC. [15, 17] Furthermore, there were also studies to investigate the associations between the risk of liver diseases and other polymorphisms in IL-6, including rs1800795, rs1800797, [13, 16] rs2066992, [18, 19] and rs2069837 [14, 18, 20] and the controversial outcomes were also present in them. These equivocal results may be attributed to small sample size and limited statistical power of each individual study.
The goal of this study was to conduct a meta-analysis to comprehensively estimate the associations of IL-6 polymorphisms and genetic predisposition to all liver diseases.
Materials and methods

Literature search
Our study was performed according to the Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) standard. [21] PubMed, the Cochrane Library and EMBASE databases were searched for papers published before February, 2019 using the keywords: interleukin-6 (OR IL-6) AND polymorphism (OR SNP OR variant OR mutation) AND liver diseases (OR hepatitis OR liver cirrhosis OR hepatocellular carcinoma OR liver injury OR fatty liver). The publication language was restricted to English. Furthermore, potentially eligible literatures were supplemented through manually mining bibliographies of relevant studies.
Inclusion and exclusion criteria
Studies were included if they satisfied the following criteria:
(1) human genotyping;
(2) case-control design;
(3) healthy (HC) or infection resolved (IF) controls; (4) evaluation of the associations between IL-6 polymorphisms and liver diseases in more than 2 articles; and (5) providing adequate data to calculate the OR and its corresponding 95%CI.
Studies having the following characteristics were excluded:
(1) repeated studies;
(2) animal studies, reviews, case reports, series, meeting abstracts, as well as comment; (3) the data of genotype frequency were unavailable; (4) studies that investigated the therapy response; and (5) some controls showing HBV positive or having other liver diseases.
Data extraction and quality assessment
Two investigators independently extracted the data from each eligible study, including first author's name, year of publication, country, ethnicity, liver disease type, genotyping method, number of cases and controls, source of control, and frequency of genotypes. If articles included more than 1 disease type, each group was considered as an independent dataset. The quality of individual studies was also assessed independently by two authors using the New-castle-Ottawa Scale (NOS) system [22] that includes 3 aspects: selection (0-4 points), comparability (0-2 points) and exposure (0-3 points). The NOS ranges from zero (worst) to 9 stars (best). Studies scored more than 7 stars were considered to be of high quality. Any disagreements in data extraction and quality assessment were resolved by the involvement of a third part.
Statistical analysis
STATA software (version 13.0; STATA Corporation, USA) was used for this meta-analysis. The associations between IL-6 polymorphisms (rs1800795, rs1800796, rs1800797, rs2066992, and rs2069837) and the risk of liver diseases were estimated based on pooled ORs and 95%CI under various genetic models. P value of Cochran's Q-statistic >0.1 or I 2 value <50% indicated the absence of heterogeneity among studies and thus of a fixedeffect model was utilized in the association test; otherwise (P < .10 or I 2 > 50), a random-effect model was chosen. The significance of the pooled ORs was determined by the Z test, and P < .05 was considered statistically significant. Potential publication bias was evaluated using the Egger linear regression test. If there was evidence of publication bias (P < .05), trim and fill method was used to adjust for the effect of publication bias. [23] Sensitivity analysis was performed to evaluate the stability of the results by omitting each study at a time.
Results
Study characteristics
The search strategy retrieved 1035 relevant papers. Based on the inclusion and exclusion criteria ( Fig. 1 ), 25 case-control studies including 5813 cases and 5298 controls were finally included for this meta-analysis. [12] [13] [14] [15] [16] [18] [19] [20] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] Among these 25 studies published between 2005 and 2018, 17 of them with 20 datasets investigated the associations between rs1800795 polymorphism of IL-6 gene and liver diseases (including 1 for autoimmune 
Meta-analysis
The meta-analysis results of the correlations between five IL-6 polymorphisms and vulnerability to liver diseases in all genetic models are shown in Table 2 . The pooled results suggested that rs1800795 polymorphism was significantly associated with the risk of liver diseases in heterozygote (GC vs CC: OR = 1.57, 95% models. However, IL-6 rs2069837 and rs2066992 polymorphisms did not exhibit significant associations with liver disease risk in any genetic model. Due to the presence of significant heterogeneity in some overall analysis ( Table 2) , subgroup analyses were conducted based on liver disease type and ethnicity. For rs1800795 polymorphism, only a significant association was observed for patients with HBV [G vs C: OR = 1.75, 95% CI = 1.13-2.72, P = .012; GG vs CC: OR = 2.98, 95% CI = 1.63-5.45, P < .001; GC vs CC: OR = 2.08, 95% CI = 1.15-3.77, P = .016; GG+GC vs CC: OR = 2.54, 95% CI = 1.37-4.71, P = .003; GG vs GC+CC: OR = 1.91, 95% CI = 1.03-3.56, P = .041], NASH (GC vs CC: OR = 1.60, 95% CI = 1.03-2.49, P = .038), HCV (GC vs CC: OR = 1.58, 95% CI = 1.04-2.42, P = .034), HCC (GC vs CC: OR = 3.11, 95% CI = 1.24-7.79, P = .015) and alcoholic liver disease [GC vs CC: OR = 1.51, 95% CI = 1.03-2.21, P = .036; GG vs GC+CC: OR = 1.47, 95% CI = 1.03-2.10, P = .036] ( Table 3) . For rs1800796 polymorphism, only a significant association was detected for patients with HBV [G vs C: OR = 0.74, 95% CI = 0.65-0.85, P < .001; GG vs CC: OR = 0.56, 95% CI = 0.42-0.74, P < .001; GC vs GC: OR = 0.42, 95% CI = 0.20-0.87, P = .020; GG vs GC + CC: OR = 0.46, 95% CI = 0.29-0.73, P = .001] ( Table 4) . For rs1800797 polymorphism, no significant association was detected for most of liver disease patients other than HCV ( Table 5 ), but only 1 literature was included for HCV and this result remained inconclusive. In both of Asian and non-Asian Table 1 Characteristics of studies included in this meta-analysis.
First author
Year 
Publication bias and sensitivity analysis
Egger linear regression test was performed to investigate the potential publication bias for significant results in overall metaanalysis. The results showed the intercept did not pass through the origin (that is, asymmetry) in association analysis of rs1800796 under heterozygote model (GG vs GC) ( Fig. 5A) , indicating the presence of publication bias (P = .017). Subsequently, trim and fill method was used to further adjust for the publication bias (Fig. 5B) . The results showed the association remained significant after correcting the publication bias (OR = 0.76, 95% CI = 0.64-0.90, P = .001), implying our results were statistically robust. No obvious asymmetry was observed in the evaluation of publication bias for rs1800795 (GC vs CC: P = 0.072; GG+GC vs CC: P = .182) and rs1800797 (GG vs AA: P = .242; GA vs AA: OR = 1.53, P = .316; GG + GA vs AA: P = .321), suggesting no evidence of publication bias. As shown in Figure 6 , the omission of any single study did not significantly affect the pooled ORs or 95% CIs, indicating our results may be reliable.
Discussion
In this study, we performed a meta-analysis to investigate the associations of IL-6 SNPs with liver diseases. Our findings showed that IL-6 rs1800795 and rs1800796 polymorphisms may be potential genetic factors for the development of liver diseases. Patients with G allele or GG, GC and GG+GC genotypes of Table 2 Overall meta-analysis results.
Test of association
Test of heterogeneity rs1800795 had significantly increased risks for developing liver diseases in all ethnic populations, especially HBV, HCV, HCC, NASH and alcoholic liver disease subgroups. On the contrary, G allele, GG or GC genotypes of rs1800796 may be significant protective factors for the development of liver diseases, especially HBV and Asian population. Although the overall and ethnic meta-analysis showed people carrying the GG, GA or GG+GA genotypes of rs1800797 had a higher risk of suffering liver diseases in non-Asian population, subgroup analysis seemed to show no significant association between this polymorphism and various subtypes of liver diseases except HCV identified in one article. For IL-6 rs2069837 and rs2066992 polymorphisms, we did not find any association with liver disease risk, although this was the first meta-analysis study to investigate them in liver diseases. Previously, there have 2 meta studies to explore the associations between IL-6 polymorphisms and liver diseases, [41, 42] but they were obviously different from our study:
(1) only the HBV-related liver diseases or HCC were analyzed in the study of Chang et al [42] and Liu et al, [41] but not all types of liver diseases as reported in our study; (2) Chinese papers were included in these studies, but not in our study; (3) articles with HBV carriers as controls were included, which were excluded in our study; and (4) these 2 meta-analyses only searched the published papers up to 2015.
The differences in these 4 aspects may contribute to the slight deviation of our results from them. For example, the significant associations between IL-6 rs1800795 polymorphism and risk of HCC under homozygote model (CC vs GG: OR = 0.36; 95% CI = 0.16-0.85) and recessive model (GG+CG vs CC: OR = 2.82; 95% CI = 1.26-6.28) identified by Liu et al [41] were not observed in our study, but only significant under heterozygote model (GC vs CC: OR = 3.11, 95% CI = 1.24-7.79); significant associations between IL-6 rs1800797 polymorphism and the risk of HBV under allelic (G vs A: OR = 1.89; 95% CI = 1.11-3.20), heterozygote (GG vs GA: OR = 2.21; 95% CI = 1.12-3.92) and recessive (GA + AA vs GG: OR = 0.47; 95% CI = 0.26-0.86) models identified by Chang et al, [42] were not shown in our study, but we found some novel conclusions, including significant associations with HBV, HCV, NASH, and alcoholic liver disease of rs1800795. rs1800795 polymorphism is located at the 174 base pair upstream of IL-6 gene promoter and variation from G to C at this region was reported to reduce this gene's transcription rate and lead to the lower production of IL-6. [43, 44] A recent study even found IL-6 mRNA expression was especially higher in the GC than in the GG and CC cases. [45] It had been demonstrated hepatitis B core antigen transfection increased the expression and secretion of IL-6 through activating extracellular signal-related kinase, p38 mitogen-activated protein kinase and nuclear factorkappa B in hepatocytes. [46] Subsequently, HBV-IL-6 activated the transcription and translation of angiogenin and vascular endothelial growth factor genes via the STAT3 pathway and ultimately promoted HCC cell proliferation. [10, 47] Furthermore, activation of IL6/STAT3 pathway also could support HBV replication to further deteriorate HBV-related carcinogenesis. [48] HCV infection was also proved to play important roles in the development of liver diseases by IL-6/STAT3 pathway. [49] IL-6 level, which activated downstream immune and oxidative stress signaling to exacerbate inflammation infiltration, was also found to be increased in patients with NASH [50] and alcoholic liver injury. [51] Accordingly, we believe patients carrying GC genotype of rs1800795 may have higher risks to suffer HBV, HCV infection, HCC, NASH and alcoholic liver disease, which was confirmed in our study. rs1800796 polymorphism (-572 G/C) is also located within the promoter region of IL-6 gene. The individuals harboring -572GG or GC genotype was observed to have significantly lower IL-6 levels than those harboring the -572CC genotype. [52] Also, CD14 (+) monocytes from subjects carrying the rs1800796C allele were shown to produce more IL-6 in response to in vitro HBV core antigen stimulation than those carrying G allele. [12] Thus, rs1800796 C allelic or genotype (CC or GC) polymorphism may be associated with an increased risk to HBV infection, which was confirmed in both of our study involving 1772 cases and 1973 controls and the study of Chang et al [42] involving 426 cases and 777 controls. However, this conclusion seemed to be only suitable to the Asian population. In the non-Asian group, GC and GG+GC genotype were risk factors for the development of liver diseases, which was in line with some studies showing the mRNA expressions of IL-6 was higher in the rs1800796 GG genotype compare with others. [45, 53] rs1800797 (-579 G/A) is also another polymorphism located within the promoter region of IL-6 gene. Our overall, non-Asian subgroup analysis and the study of Chang et al, [42] showed GG and GA genotype may be risk factors for liver diseases, indicating patients with these genotypes may have higher IL-6 levels. However, recent studies on lung cancer or obesity revealed IL-6 expression level was increased in an A allelic dose-dependent manner (that is, the highest for AA), [54, 55] which may be attributed to the dual-function of IL-6 [56] or disease difference.
There are several limitations in this meta-analysis. First, the number of studies in some liver disease subtypes was relatively small and thus statistical power may be still sufficient to estimate the correlation between the IL-6 gene polymorphisms with them.
Second, articles in languages other than English were not included in this meta-analysis. Third, although the meta-analysis only included case-control designed studies, several studies did not report whether they were age and sex matched, which may influence the creditability of conclusions. Fourth, although there were studies to indicate a linkage disequilibrium between some SNPs of IL-6 (such as rs1800796-rs1800797, [13] rs1800796-rs2066992, [14] rs2069837-rs17147230, [20] rs2069837-rs1524107-rs2066992, [19] rs17147230-rs2066992-rs2069837-rs2069852, [18] rs1800796-rs1800797, [13] and rs1800795-rs1800797 [17] ) and haplotypes were calculated for more effective markers for prediction the risk of liver diseases, no meta-analysis was conducted for these haplotypes because no same haplotypes were reported. Fifth, the association between IL-6 level and IL-6 gene polymorphisms could not be evaluated to reveal the function mechanisms due to the lack of the related data.
In conclusion, our meta-analysis of 25 studies revealed that IL-6 rs1800795 (all ethnic populations) and rs1800797 (non-Asian) polymorphisms may be associated with an increased risk of liver diseases, while rs1800796 polymorphism was associated with a decreased susceptibility factor for liver diseases in Asian population. The absence of a relationship between IL-6 rs2069837 and rs2066992 polymorphisms and the risk of liver diseases was demonstrated. A similar conclusion was found in the HBV, HCV, HCC, NASH and alcoholic liver disease population for rs1800795; HBV subgroup for rs1800796; and HCV subgroup for rs1800797.
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